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of the bay. The upper ocean is affected 
not only by large freshwater input from 
rainfall but also by major river run-
offs. Monsoon-driven reversals of the 
seasonal circulation (e.g.,  Schott and 
McCreary, 2001) challenge the quantifi-
cation of regional air-sea processes, and 
significant gaps remain in current under-
standing. A priority of ASIRI has been to 
better determine upper-ocean freshwater 
budgets, including mixing and advec-
tion, since shallow salinity-controlled 
mixed layers impact the heat distribution 
in the near-surface layer (e.g.,  Shenoi 
et  al., 2002; Rao and Sivakumar, 2003). 
While the basin-scale circulation and 
associated salinity advection are pri-
marily wind-driven, the monsoonal 
forcing also generates energetic meso- 
and submeso scale features (e.g.,  Lucas 
et  al., 2014). Quantifying the dominant 
processes on these smaller scales has 
been a compelling objective of ASIRI, 
in particular with regard to improving 
monsoon predictions by numerical mod-
els that require a better understanding of 
the spatiotemporal variability in the BoB 
for more accurate parameterizations of 
the relevant physics.
This study focuses on a major obser-
vational effort in the northern bay during 
the waning 2015 southwest monsoon 
(Figure 1a), where a large array of Surface 
Velocity Program (SVP) drifters drogued 
at 15 m depth and equipped with salinity 
and/or temperature sensors was deployed 
as part of the ASIRI program. Earlier 
drifter deployments within the frame-
work of ASIRI occurred primarily off 
the coast of Sri Lanka to address another 
program objective concerned with the 
coastal boundary currents and exchanges 
between the BoB and the Arabian Sea 
(Wijesekera et  al., 2015, in press; Lee 
et  al., 2016, in this issue). In addition 
to describing the 2015 field experiment 
and performance of the salinity drift-
ers (SVP-S) in particular, this article pro-
vides first insights into the observed vari-
ability on multiple spatiotemporal scales 
and processes influencing the variabil-
ity of surface salinity in the BoB such 
as horizontal stirring.
INTRODUCTION
The South Asian monsoon dominates the 
climate of the Indian Ocean region, dras-
tically affecting life on the Indian sub-
continent (e.g., Bhat et al., 2001; Gadgil, 
2003). This emphasizes the great impor-
tance of understanding and predicting 
the monsoon and its variability accu-
rately. The Air-Sea Interactions Regional 
Initiative (ASIRI) is designed to improve 
present knowledge of coupled ocean- 
atmosphere interactions in the region 
(Lucas et  al., 2014; Wijesekera et  al., in 
press). This research effort focuses on 
the Bay of Bengal (BoB) since most of 
the monsoon rainfall arises from synop-
tic (low-pressure) weather systems that 
especially develop over the warm waters 
ABSTRACT. A dedicated drifter experiment was conducted in the northern 
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spatiotemporal scales, a total of 36 salinity drifters and 10 standard drifters were deployed 
in a tight array across a freshwater front. The salinity drifters carried for the first time a 
revised sensor algorithm, and its performance during the 2015 field experiment is very 
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feature centered at about 16.5°N, 89°E and stayed close together during the first month 
of observations. While the eddy was associated with rather homogeneous temperature 
and salinity characteristics, much larger variability was found outside of it toward the 
coastline, and some of the observed salinity patches had amplitudes in excess of 1.5 psu. 
To particularly quantify the smaller spatiotemporal scales, an autocorrelation analysis 
of the drifter salinities for the first two deployment days was performed, indicating 
not only spatial scales of less than 5 km but also temporal variations of the order of a 
few hours. The hydrographic measurements were complemented by first estimates of 
kinematic properties from the drifter clusters, however, more work is needed to link the 
different observed characteristics.
 “This study focuses on a major observational effort in the northern bay during the waning 2015 southwest monsoon, where a large array of Surface Velocity 
Program (SVP) drifters drogued at 15 m depth and 
equipped with salinity and/or temperature sensors was 
deployed as part of the ASIRI program.
”
. 
Oceanography |  Vol.29, No.2126
2015 DRIFTER EXPERIMENT
The drifter experiment in the northern 
BoB during the most recent field cam-
paign in August–September 2015 was 
designed to sample a variety of spatio-
temporal scales, and particularly the 
horizontal advection of freshwater as 
the drifters disperse. Most of the annual 
freshwater input occurs during the south-
west monsoon season between June 
and September (e.g.,  Bhat et  al., 2001; 
Gadgil, 2003), which provides an optimal 
background for detailed measurements 
of upper-ocean processes that govern the 
heat and salt budgets.
Satellite altimetry indicated that meso-
scale eddies characterized the surface 
flow field in the northern bay during the 
first month of the 2015 drifter experiment 
described herein (Figure 1b). The thick-
ness of the fresh layer (i.e., <30 psu) can 
be just 5–10 m in the deployment region 
of the drifter array as revealed by salinity 
measurements recorded by a Lagrangian 
float (D’Asaro, 2003) deployed near an 
SVP-S drifter pair from a concurrent 
Indian research cruise on OSV  Sagar 
Nidhi (Figure  2). During its week-long 
deployment, the profiling float gener-
ally followed the drifters, and the lowest 
near-surface salinities were observed in 
the last two days of the record when the 
float was moving southwestward.
A total of 36 SVP-S (e.g.,  Reverdin 
et  al., 2007; Hormann et  al., 2015) and 
10 SVP (e.g.,  Niiler, 2001; Maximenko 
et  al., 2013) drifters were deployed in 
a tight array across an identified fresh-
water front in international waters from 
R/V Roger Revelle at the beginning of 
September 2015 (Figure  2a). In order 
to also resolve smaller-scale features in 
space and time, the salinity drifters were 
initially programmed to transmit their 
parameters every five (instead of 30) min-
utes. The array was largely organized in 
clusters consisting of three SVP-S drifters 
plus one SVP drifter (i.e., ~5 min apart), 
with most deployments on the fresher 
side of the salinity front. The reason for 
the additional deployment of standard 
SVP drifters was to improve the overall 
representation of the surface circulation 
in the BoB where observations of ocean 
currents are lacking.
SVP-type drifters using the Argos or 
Iridium satellite systems for data trans-
mission are designed to follow the water 
at 15 m depth in a Lagrangian sense, 
and velocity measurements are accu-
rate to within 0.01 m s–1 for winds up 
to 10 m s–1 (Niiler, 2001; Maximenko 
et  al., 2013). Here, the drifter veloci-
ties were estimated from first-order cen-
tral differences of the position infor-
mation obtained by GPS fixes, which 
were quality controlled by applying a 
three-point median filter. In addition to 
ocean currents, the SVP drifters mea-
sure sea surface temperature at a depth 
of a few centimeters below the surface 
with an accuracy of ±0.1°C. The deployed 
SVP-S drifters were each equipped with 
a Sea-Bird Electronics SBE37-SI sensor 
(accuracy: 0.0003 S  m–1 for conductiv-
ity or ~0.003 psu for salinity, and 0.002°C 
FIGURE 1. (a) Indian monsoon index in 2015 (Wang and Fan, 1999; 
Wang et al., 2001) using ERA-Interim winds (Dee et al., 2011), with six-
hour data shown in light blue and the corresponding seven-day run-
ning mean in darker blue. The red line marks the drifter deployments 
during an R/V Roger Revelle cruise at the beginning of September. 
(b) Map of near-real-time sea level anomalies (black contours in inter-
vals of 10 cm) from the Copernicus Marine Environment Monitoring 
Service (CMEMS) on September 1, 2015 (Ducet et al., 2000), that is, 
immediately before the beginning of the drifter deployments, with the 
corresponding region marked by the small green box with the solid 
outline. The much larger dashed green box indicates the area cov-
ered by the drifters during the first month of observations (cf. Figure 4).
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for temperature) located just underneath 
the surface buoy at an approximate depth 
of 0.5 m (e.g.,  Centurioni et  al., 2015; 
Hormann et  al., 2015). The presence of 
the drogue is detected with a strain gauge 
installed inside the drifter’s hull and 
near the tether’s attachment. All drifter 
drogues remained attached through the 
end of the first month discussed here.
SVP-S PERFORMANCE
During the first Salinity Processes in the 
Upper-ocean Regional Study (SPURS-1) 
in the subtropical North Atlantic, a flaw 
in the algorithm used for the onboard 
computation of satellite-transmitted 
drifter salinities was discovered that 
introduced a predominantly fresh bias 
in the noise level of the data (Centurioni 
et al., 2015; Hormann et al., 2015). A revi-
sion of the sensor’s sampling algorithm 
was thus needed since extensive manual 
editing of the salinity records as done in 
SPURS-1 cannot be applied to the drift-
ers’ real-time data. After detailed testing, 
the salinity sensors of the SVP-S drifters 
deployed during the 2015 field experi-
ment in the BoB were programmed as 
follows: Each drifter samples its SBE37-SI 
sensor for 30 measurements over 90 sec-
onds before each five-minute (or later 
30-minute) transmit cycle, with the sen-
sor polled for instantaneous sampling. 
The median of the 30 samples is then 
transmitted along with additional statisti-
cal parameters such as kurtosis and skew-
ness to facilitate recovery of the mea-
sured population (Figure  3a–c). While 
the kurtosis describes the “tailedness” 
or “peakedness” of each 30-sample pop-
ulation, the skewness is a measure of its 
asymmetry. A fresh bias as observed in 
SPURS-1 would thus be associated with 
values significantly different from that 
of a normal distribution, and neces-
sary corrections could be implemented 
at an early stage. The example shown in 
Figure 3 is representative of all deployed 
SVP-S drifters, indicating along-track 
statistics close to a normal distribution 
and hence creating confidence in the 
revised sensor algorithm.
The tightly deployed array, and par-
ticularly the clusters that included three 
SVP-S drifters, allow for salinity intercom-
parisons of different sensors for validation 
purposes. Inspection of the individual 
salinity measurements in the context of 
nearby drifters shows overall good agree-
ment during the first deployment month, 
despite the large spatiotemporal variabil-
ity in the northern BoB due to rain squalls 
and river runoff (Figure 3d–f). In particu-
lar, the confirmation of freshening events 
by nearby drifters gives further confidence 
in the measured salinities. After about 
nine months, nearly all of the deployed 
drifters have stopped transmitting—
mainly as a result of frequent pickups or 
grounding at the coast.
MULTISCALE VARIABILITY
To highlight the observed variability on 
multiple spatial and temporal scales in 
the northern BoB during the waning 
2015 southwest monsoon, Figure  4 
shows drifter speed as well as salin-
ity and temperature. Although during 
the first month of deployment the drift-
ers largely followed a mesoscale fea-
ture centered at about 16.5°N, 89°E 
(cf.  Figure  1b), within which hydro-
graphic properties were generally rather 
homogenous, pronounced salinity fluc-
tuations are found at the periphery or 
outside of the cyclonic eddy. Maximum 
speeds of up to approximately 70 cm s–1 
are observed between about 16.5°N and 
17.5°N and west of 88°E, where drifters 
FIGURE 2. (a) Deployment locations of the SVP-S (red) and SVP (white) drifters in 
the northern Bay of Bengal at the beginning of September 2015, superimposed on 
the mapped initial salinities from the SVP-S drifters; note that the drifter array was 
deployed across a freshwater front. The yellow star marks the deployment location 
of a Lagrangian float whose trajectory is displayed in (b). The measured salinity distri-
bution of the Lagrangian float in the upper 30 m of the water column is shown in (c), 
with x-axis in year days where 248 corresponds to September 5, 2015.
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leave the eddy, as well as at its southern 
periphery; note that there is also evi-
dence of near-inertial oscillations in the 
drifter tracks, particularly in the north-
east of the sampled region as highlighted 
in Figure  5a,b. At the surface, the eddy 
can overall be characterized by tempera-
tures and salinities of around 29°C and 
30 psu, respectively, with fresher values 
toward the west (Figure  4b,c). Outside 
of this mesoscale feature, the drifters 
show a warmer but patchy temperature 
field and lowest salinities of the order of 
22 psu in the northwest toward the coast-
line (Figure 3a,d).
The measurements recorded by the 
Lagrangian float (Figure 2c) as well 
as data collected from conductivity- 
temperature-depth casts and other 
instruments during R/V Roger Revelle 
and OSV Sagar Nidhi cruises suggest that 
the thickness of the near-surface fresh-
water layer in the salinity front region, 
where the drifters were initially deployed, 
can be less than 15 m. This prevented 
fully exploiting the Lagrangian informa-
tion from the drifters at the beginning 
of the experiment since the drogue and 
salinity sensor are at different depths.
During the first week of the drifter 
deployment, several low-salinity patches 
were observed, similar to the ones shown 
in Figure  3e,f, with the persistence of 
the fresh patches varying from one hour 
to more than 24 hours. While the drift-
ers remained trapped within or slipped 
through these patches, they covered 
distances over ground ranging from a 
few hundred meters to tens of kilome-
ters (not shown); note that the actual 
cause of the sampled freshwater feature 
(e.g., short rain squall) may have played 
a role in these observations. Some of the 
observed salinity patches had amplitudes 
in excess of 1.5 psu (Figure 3f) and can 
be attributed to either direct fresh water 
input into the ocean from rain at the 
time of the salinity measurements or to 
the drifters entering and sampling a fil-
ament of freshwater that resulted from 
stirring processes near the salinity front 
or that was a remnant of a rain puddle. 
For example, the comparison between 
drifter salinities and rain rate shown 
in Figure  5c indicates that the salinity 
spikes around September 6, 2015, are 
most likely associated with a rain event 
whereas the prominent drop toward the 
end of the record is not.
While a truly Lagrangian analysis of 
the spatial and temporal scales cannot 
be performed with confidence, the salin-
ity observations from the drifters can 
still be used in a Eulerian sense. To par-
ticularly quantify small spatiotemporal 
scales of the initial freshwater front, spa-
tial autocorrelations of the drifter salini-
ties expressed as Moran’s I (Moran, 1950) 
were computed for 5 km × 5 km spatial 
boxes and six-hour temporal windows 
over the first two days after completing 
the deployments (Figure  6). The boxes 
FIGURE 3. (a) Track of an SVP-S drifter (ID: 300234062428040) deployed on September 3, 
2015 (blue), with locations of nearby drifters separated in time by ±90 minutes and within 10 km 
(5 km) marked in green (red). Corresponding along-track SVP-S (b) kurtosis (i.e., “tailedness” 
or “peakedness” of the sample population; red dashed line indicates value for normal dis-
tribution) and (c) skewness (i.e., asymmetry of the sample population; red dashed line indi-
cates 0) as statistical performance measures. (d) Quality-controlled salinity record of the 
SVP-S drifter (blue) and values measured by the nearby drifters as marked in (a); black 
dashed lines indicate two specific events shown in more detail in (e) and (f). 
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FIGURE 4. Trajectories of the deployed drifters color- 
coded by their (a) speed as well as (b) salinity and 
(c) temperature as recorded by the SBE37-SI sensor 
highlight the large variability that occurs on multi-
ple spatial and temporal scales in the northern BoB. 
The black box marks the drifter deployment region.
and windows were chosen according to the observed 
small-scale variability and persistence of fresh events 
such as those shown in Figure  3e,f. This approach 
highlights the short-lived character of freshwater fea-
tures in the northern BoB on scales that are not well 
represented in numerical models.
Moran’s I is based on cross products of devia-
tions from the mean and can be calculated for n 
observations of a variable x (here, salinity) at loca-
tions i, j as follows:
(1)I = 
n ∑i ∑j wij (xi – x–) (xj – x–)
S0 ∑i  (xi – x–) 2
, 
where x– is the mean of the variable x, wij is the weight 
matrix (here, proportional to inverse distance of 
concurrent—that is, within six hours—salinity pairs), 
and S0 = ∑i ∑j wij is the sum of the elements of the 
weight matrix. To analyze spatial autocorrelations, a 
distance measure for two nearby observations must 
be defined to describe the relationship between sam-
ple locations; it is expressed as a weight matrix. Similar 
to a one-dimensional correlation coefficient, Moran’s I 
describes the multidimensional correlation of a signal 
with nearby locations in space and generally ranges 
from −1 to +1 (note, only positive values were found 
here). That is, positive (negative) spatial autocorrela-
tion means that similar (dissimilar) values occur close 
to each other or, in other words, Moran’s I is an indica-
tion of whether the observations are clustered (I = +1), 
random (I = 0), or dispersed (I = −1); to ensure statisti-
cal significance, the spatial autocorrelations were com-
puted only for boxes with more than 30 salinity pairs.
At the beginning, the drifters indicate some posi-
tive autocorrelation in the frontal region with com-
mon values between 0.4 and 0.7 (Figure 6a). As the 
drifters start to disperse over the next six hours, con-
sistent autocorrelations of the order of 0.5 are found 
on the fresher side of the front while lower values and 
more pronounced salinity patchiness are observed in 
the northeast sector (Figure  6b). On September 4, 
2015, the freshwater front begins to weaken (or the 
drifters slip through it), and the derived autocorrela-
tions become more patchy (Figure 6c,d). The salini-
ties in the region are generally lower after the disin-
tegration or advection of the front past the drifters 
(i.e.,  ~29.5 psu), and a coherent pattern of spatial 
autocorrelations with, again, values of the order of 
0.5, emerges around midday (Figure 6e). The follow-
ing 12 hours partly show high spatial autocorrela-
tions of more than 0.7 (Figure 6f,g), which drop back 
to common values of around 0.5 on September  5, 
2015, at 6:00 (±3 h) UTC (Figure  6h). The last 
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snapshot in time indicates that the drift-
ers enter a new salinity front or re-enter 
the previous one toward the southwest, 
with generally larger spatial autocorrela-
tions on the fresher side (Figure 6i). Note 
overall that lower values of Moran’s I 
may be related to filaments or rain pud-
dles with scales of less than 5 km. This 
autocorrelation analysis not only pres-
ents a view of the involved spatial scales 
of the regional surface salinity but also 
illustrates the associated large variabil-
ity in time as seen in the rapid evolution 
of freshwater fronts.
KINEMATIC PROPERTIES
The drifter deployment in clusters fur-
ther permits insights into important 
kinematic properties of the observed 
Lagrangian velocities. In particular, first 
estimates of the vertical component of 
the vorticity vector, the horizontal diver-
gence, and the lateral strain rate were 
derived from drifter triplets (e.g., Saucier, 
1955; Molinari and Kirwan, 1975). The 
spatiotemporal distributions of the kine-
matic properties shed light on the pro-
cesses that govern BoB dynamics, which 
were characterized by a strong mesoscale 
eddy, pronounced fronts, and shallow 
salinity stratification during the deploy-
ment period, as discussed above. In the 
following, we examine the footprints of 
these features in the Lagrangian drifter 
velocities and their gradients. 
By utilizing clusters of three (or more) 
drifters, the horizontal gradient of the 
velocity field can be estimated unam-
biguously (Kirwan, 1975). This study 
uses the planimetric method by Saucier 
(1955), originally devised for clusters 
of atmospheric wind reports, to esti-
mate area-averaged components of the 
deformation tensor.
The divergence of the velocity field 
D can be interpreted as the time rate of 
change of the area enclosed by three drift-
ers. A0 and A' are the area enclosed by the 
drifters before and after being advected 
by the velocity field (u, v) for a time Δt:
(2)δ = + ≈∂u ∂v A' – A0
∂x ∂y A0 Δt
. 
When transforming the expression for 
the vorticity ζ into the horizontal diver-
gence of the −90°-rotated velocity vec-
tors, (u',  v ') → (v, –u), the same argu-
ment as above holds and the vorticity can 
be rewritten as the time rate of change 
of the cluster area: 
(3)ζ = – +→ ≈
∂v ∂u'∂u ∂v ' A'' – A0
∂x ∂x∂y ∂y A0 Δt
, 
where A'' is the cluster area after being 
subjected to the rotated velocity field for 
a time Δt.
Similarly, the shearing and stretch-
ing deformations can be estimated by 
evaluating the divergence of the rotated 
velocity fields. The velocity fields are 
rotated such that (u'',  v'') → (u, –v) and 
(u''',  v''') → (v, u) for the shearing and 
stretching components, respectively. The 
magnitude of the lateral strain rate α is 
computed from the stretching and shear-
ing rates as follows (e.g.,  Saucier, 1955; 
Shcherbina et al., 2013):
(4)α = – ++∂u ∂v∂v ∂u
∂x ∂x∂y ∂y
. 
2 2
FIGURE  5. (a) Track of an SVP-S drifter (ID: 300234062427010) deployed on 
September 2, 2015. (b) Variance-conserving power spectrum of the drifter’s 
speed, with the local inertial period Ti at 19°N and the M2 tide marked by red lines. 
(c) Quality-controlled salinity record of the SVP-S drifter (blue) and corresponding 
Tropical Rainfall Measuring Mission (TRMM) 3B42 rain rate (Huffman et  al., 2007) 
mapped onto the drifter’s track (red).
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importance for the observed salinity vari-
ability, in particular toward the north-
ern coastline (Figure  5a,b). In order to 
particularly quantify the smaller spatio-
temporal scales, an autocorrelation anal-
ysis of the drifter salinities for the first 
two days after completing the deploy-
ments was performed; it indicated not 
only spatial scales of less than 5 km but 
also temporal variations of the order of a 
few hours (Figure 6).
By deploying the drifters in clusters, 
important kinematic properties (i.e., vor-
ticity, strain, and divergence) during the 
2015 waning southwest monsoon could 
be estimated (Figure  7), providing new 
perspectives on the processes driving 
upper-ocean salinity variability in the 
BoB in particular. Although the kine-
matic properties derived from the drifter 
The scale dependence of the area 
averages is exploited in order to sep-
arate processes at different scales 
(Figure  7). When averaging over large 
areas (A > 100 km2), the small-scale 
variability is smoothed and the strong 
mesoscale eddy dominates the vortic-
ity, strain, and divergence distributions 
(not shown). In this case, the vorticity 
and strain are of the same order of mag-
nitude of about 0.5 f. At intermediate 
scales (10 ≤ A ≤ 100 km2), a range of pro-
cesses, including at the mesoscale, affect 
the distribution of the kinematic prop-
erties (Figure 7a,c,e). Besides the meso-
scale circulation, submesoscale dynam-
ics tend to cause regions of high vorticity 
and strain to co-occur (e.g.,  Shcherbina 
et  al., 2013). Since anticyclonic features 
become unstable faster than cyclonic 
ones, the resulting distribution is skewed 
toward longer tails for cyclonic vorticity 
(not shown). Furthermore, it is expected 
that frontogenesis has a signature in the 
horizontal divergence, and small cluster 
areas lead to large values in the kinematic 
properties at submesoscales (A < 10 km2; 
Figure 7b,d,f).
The derived kinematic properties from 
the drifter clusters complement the infor-
mation gained by their temperature and 
salinity measurements at the surface. 
However, more work is needed to link 
the observed small-scale variability in 
the kinematic properties to the hydro-
graphic observations.
SUMMARY AND DISCUSSION
A dedicated drifter experiment was con-
ducted in the northern BoB during 
the 2015 waning southwest mon-
soon (Figure 1a). To sample a variety of 
spatio temporal scales and particularly 
the horizontal advection of freshwater, 
the deployment was designed as a tight 
array largely organized in clusters of 
three SVP-S drifters plus one SVP drifter 
(Figure 2a). After discovering a flaw in the 
algorithm used for the onboard computa-
tion of satellite-transmitted drifter salin-
ities during SPURS-1 (Centurioni et  al., 
2015; Hormann et  al., 2015), the sensor 
algorithm was revised for the SVP-S drift-
ers described here, and its first evalua-
tions in the northern BoB (Figure 3) are 
very encouraging for future experiments 
such as SPURS-2 in the eastern equatorial 
Pacific (SPURS-2 Planning Group, 2015).
Following their deployment, most of 
the drifters were quickly entrained in 
a mesoscale feature centered at about 
16.5°N, 89°E (Figure  1b) and stayed 
close together during the first month of 
observations. While the eddy was associ-
ated with rather homogeneous tempera-
ture and salinity characteristics, much 
larger variability was found outside of 
it toward the coastline (Figure  4), and 
some of the observed salinity patches 
had amplitudes in excess of 1.5 psu 
(Figure 3f). The drifters further indicated 
that near- inertial oscillations may be of 
FIGURE 6. Spatial autocorrelations of the drifter salinities expressed as Moran’s I for the 
first two days after completing the deployments using 5 km × 5 km spatial boxes and six-
hour temporal windows. Frontal salinity gradients as derived from mapping of the SVP-S 
data are indicated by superimposed grayscale contours in intervals of 0.1 psu. 
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array could be used to resolve processes 
at different scales, more work is needed 
to link the observed characteristics to the 
hydrographic measurements.
Since the SVP-S drifters concurrently 
measure salinity and velocity, they can 
be used to quantify the divergence of the 
salt fluxes in the BoB (e.g.,  Centurioni 
et  al., 2015), and corresponding analy-
ses are underway. However, the mixed 
layers in the northern bay can be very 
shallow as observed during the 2015 
ASIRI field campaign (Figure  2c). They 
can be at less than 15 m depth, resulting 
in drifter velocities below the mixed 
layer, but salinity measurements within 
it (i.e., SBE37-SI at 0.5 m). These obser-
vations need to be taken into account in 
order to obtain meaningful flux estimates 
from the drifters that can be compared 
with other evaluations. 
FIGURE 7. Maps of (a,b) vorticity ζ, (c,d) lateral strain rate α, and (d,e) horizontal divergence δ, all normalized by f, averaged 
over two different area ranges during the first month of deployment. The left column (a,c,e) shows kinematic properties aver-
aged over an area of 10 ≤ A ≤ 100 km2, while the right column (b,d,f) is averaged over an area of 1 < A < 10 km2. Contours 
of sea level anomalies from CMEMS (Ducet et al., 2000) are shown in the background, with negative (positive) values indi-
cated by dashed (solid) lines.
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